Study on Microwave Power Beam Forming Methods with Panel Position Estimation for Panel-Structure Solar Power Satellite/Station by Ishikawa, Takaki
Title
Study on Microwave Power Beam Forming Methods with
Panel Position Estimation for Panel-Structure Solar Power
Satellite/Station
Author(s)Ishikawa, Takaki




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
 ABSTRACTS (MASTER THESIS) 
Study on Microwave Power Beam Forming Methods with Panel Position Estimation for 
Panel-Structure Solar Power Satellite/Station 
 
(Graduate School of Engineering, 





A SPS (Solar Power Satellite/Station) is a gigantic 
satellite designed as an electric power plat orbiting in the 
GEO (Geostationary Earth Orbit) [1]. The SPS generates 
electricity from solar cell panels in space and transmits the 
electricity to a receiving site on the Earth by using a MPT 
(microwave power transmission) technology. In Japan, a 
tethered-SPS was proposed [2]. An image of the tethered-SPS 
is shown in Figure 1. We call a main unit of the tethered-SPS 
as a panel-structure SPS. The panel-structure SPS consist of a 
large number of power generation/transmission panel 
modules. This type of SPS is suitable for mass production and 
easy to maintenance. However, joints of the panel modules 
are flexible and the panel-structure SPS is difficult to maintain flatness of the transmission antenna surface. 
In order to achieve the high beam direction control accuracy, we have to correct the output phase errors 
caused by the antenna surface distortion. In this study, we describe one of the proposed beam correction 
methods which is called a PAC (Position and Angle Collection) method. 
Simulation of the PAC method 
The PAC method is one of the beam 
correction methods for the panel-structure SPS. 
In the PAC method, we measure phases of a pilot 
signal, which was sent from a power receiving 
site on the Earth, on every panel module. We 
estimate the panel module positions by using the 
measurement phases. Then, considering the panel 
module positions, we correct the output phases of 
pilot signal. In this study, we simulated the PAC 
method by a 1D array model shown in Figure 2. 
Taking account of the SPS system, we set these 
parameters. At first, we simulated the accuracy of the PAC method. From the simulations, the pilot signal 
measurement points have to be put on the both ends of each panel module in order to achieve the high 
beam direction control accuracy. However, the spacing of two measurement points is much longer than the 
half wavelength of the pilot signal and ambiguities occur in the panel position estimation method. Because 
of the ambiguities, we can correct the output phase errors only when the panel module gradients are in the 
range of -5 degrees to 5 degrees. Thus, we propose an improved panel position estimation method. By 
using this estimation method, we can use the PAC method even if the panel module gradients are in the 
range from -50 degrees to 50 degrees. 
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  Figure 1. Image of a tethered-SPS [2]
 
  Figure 2. Schematic diagram of a 1D array model.
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